Lacticin 481 is produced by Lactococcus lactis subsp. lactis and belongs to subgroup AII of the lanthionine-containing bacteriocins. The putative homodimeric LctT involved in lacticin 481 production shares significant similarities with the`LcnC' protein encoded by`lcnC', located on the chromosome of the lactic acid bacterium, L. lactis IL1403. LctT and`LcnC' belong to the recently defined family of AMS (ABC transporter maturation and secretion) proteins. Inactivation of the`lcnC' gene demonstrates that it is not responsible for the weak lacticin 481 production observed in a strain expressing only the precursor peptide LctA, and the modification enzyme LctM. This result indicates that the two AMS proteins,`LcnC' and LctT, are not interchangeable in the machinery of processing/export of lacticin 481. ß
Introduction
Bacteriocins are antimicrobial proteinaceous substances produced by Gram-positive and Gram-negative bacteria. They present many di¡erences with antibiotics, notably a narrower spectrum of activity. Bacteriocins produced by lactic acid bacteria (LAB) have been intensively studied in recent years due to their potential application as natural food preservatives [1] . Most studies focused on class I bacteriocins, named lantibiotics, which contain some unusual amino acids, lanthionine and L-methyllanthionine [2] . Linear lantibiotics (type A) are divided into subgroups according to their primary peptide sequences. Subgroup AI contains the most studied lantibiotics like nisin, subtilin, epidermin, and Pep5. Subgroup AII includes mainly lacticin 481, streptococcin A-FF22, salivaricin, variacin, and mutacin II. The third subgroup, AIII, contains lactocin S, and two-component lantibiotics (cytolysin, lacticin 3147, staphylococcin C55), and probably mersacidin [3, 4] .
Lacticin 481, produced by Lactococcus lactis subsp. lactis, belongs to subgroup AII [5, 6] . This lantibiotic acts in particular against the food spoilage bacterium Clostridium tyrobutyricum. Its use to prevent late blowing of cheese has already been suggested. Genetic determinants of lacticin 481 form an operon containing six genes, lctA, M, T, F, E, and G. lctA encodes the precursor peptide which is presumably posttranslationally modi¢ed by the enzyme LctM. lctT encodes an ABC transporter involved in the cleavage and export of lacticin 481. lctF, E, and G encode a second ABC transporter conferring self-protection to the producer strain [3, 5, 6] . We previously demonstrated that the complete lacticin 481 operon can be introduced into L. lactis IL1403 to create a strain becoming producer and resistant to lacticin 481 [6] . Surprisingly, Rincë et al. [5] noted residual bacteriocin activity in the presence of only lctA and lctM. This result led the authors to suggest that the absence of LctT involved in lacticin 481 export is partially complemented by a transporter encoded by a gene located on the L. lactis IL1403 genome [6] .
In this study, we compared the sequence of lctT with the L. lactis IL1403 genome sequence in order to identify any potential transporter(s) related to LctT. Because we found that`LcnC' shares signi¢cant similarities with LctT, we assessed whether this heterologous ABC transporter could replace LctT in lacticin 481 export. However, here we show that`LcnC' is not responsible for the weak lacticin 481 production observed in L. lactis strain IL1403 expressing only lctA and lctM.
Materials and methods

Bacterial strains, vectors and media
The bacterial strains and plasmids used in this study are listed in Table 1 . L. lactis IL1403 is a bacteriocin nonproducer, and is sensitive to lacticin 481. It was used as host cell to test lacticin 481 activity under di¡erent conditions. pBluescript SK 3 (Ap r ) (Stratagene), pTV21vTetM (Tc r ) [7] , and pSU20 (Cm r ) [8] 
DNA manipulations and plasmid constructions
Plasmid DNA from E. coli or L. lactis was extracted, analyzed and further used as previously described [6] . Plasmid constructions are summarized in Table 1 . PCR reactions were carried out with DNA polymerase DapGoldstar (Eurogentec) for its 3P^5P proofreading activity. Thirty cycles were performed : an initial denaturation step at 96³C for 1 min, annealing at 50³C for 1 min and extension at 72³C for 3 min, and a ¢nal extension at 72³C for 10 min, using a Techne GeneE thermocycler (BioRad). 
Lacticin 481 production assay
Inhibitory activity was assayed by the solid agar di¡u-sion method as previously described [6] using the L. lactis IL1403 strain containing plasmid pET143 (Em r Tc r ) as the indicator strain.
Results
Sequence similarities between`LcnC' and LctT
By analogy with other lantibiotic systems, LctT is thought to form a homodimeric ABC transporter which would be involved in the cleavage and export of lacticin 481 [6, 13] . Surprisingly, a low lacticin 481 activity was detected in a L. lactis IL1403 LctT 3 mutant [5] . Therefore, we hypothesized that one or several proteins encoded by the L. lactis IL1403 genome might partially replace LctT in lacticin 481 export. To identify potential candidate(s), we compared the lctT sequence with the recently completed genome sequence of L. lactis IL1403 (accession number A005176 [10] ). Then, potential candidate(s) could be knocked out in the genome of a L. lactis IL1403 LctT 3 mutant in order to assess if the mutant is still able to produce lacticin 481.
Comparison of LctT with open reading frames deduced from the genome sequence of L. lactis IL1403 highlighted signi¢cant similarity with the ABC transporter`LcnC' (L82520; E value = 4.4Ue 348 ; 47% similarity). The next E values ranked from 1.0Ue 333 to 3.7Ue 37 , for ABC transporters unrelated to bacteriocin systems. Therefore, the lowest E value is obtained with`LcnC' which is a protein homologous to LcnC, a member of the AMS (ABC transporter maturation and secretion) protein family [11] . Indeed, LcnC is an ABC transporter containing an N-terminal proteolytic domain and is involved in processing/export of lactococcin A, a class II bacteriocin [11] . The lactococcin A operon comprises in addition lcnD, encoding an accessory protein whose role is still uncertain [12] . In L. lactis IL1403, the`lcnC' gene is immediately followed by`lcnD', which is homologous to lcnD (L84721; 97% similarity). No other gene present in the lactococcin A operon is found in the L. lactis IL1403 chromosome. It is important to note that the lactococcin A precursor has a leader peptide with a double-glycine type cleavage site, as found in many LAB class II bacteriocins, some lantibiotics of subgroups AII and AIII (like lacticin 481), and colicin V [4] . Cleavage of the double-glycine leader peptides is concomitant with export by the dedicated ABC transporter belonging to the family of AMS proteins [11, 13] . Venema et al. [14] have already identi¢ed the`lcnC' gene in the L. lactis IL1403 genome and suggested that it may be responsible for the low lactococcin A activity detected when only lcnA and lciA (encoding structural and immunity genes, respectively) were expressed in L. lactis IL1403 [15] . In addition, it is already known that the leader peptide of a bacteriocin can direct cleavage and export of an another bacteriocin via the secretory machinery of the ¢rst bacteriocin, even when peptides share only weak similarities, like pediocin PA-1 and lactococcin A [16] . Several examples have been described so far, although most of them concern non-lantibiotic bacteriocins [16^18]. Thus, based on sequence similarities between the ABC transporters LctT and LcnC, and also between the double-glycine leader peptides of prelacticin 481 and prelactococcin A Fig. 1 . A: Schematic representation of the expected genomic structure after pG16 integration in the L. lactis IL1403 genome by homologous recombination. This event produces an insertional mutant of`lcnC', designated L. lactis IL1403 : :pG16. Open box: internal fragment of`lcnC'; hatched box: chromosomally localized gene; dark arrows: pG+host5 genes; mls: erythromycin resistance gene; ori pBR322 : origin of replication of pBR322; ori Ts: thermosensitive origin of replication. Small arrows above the map indicate position and direction of primers (T7 and LCND1) used for PCR analysis. B: PCR analysis of genomic DNAs of L. lactis IL1403 : :pG16 integrants. PCR products realized with both primers T7 (5P-AATACGACTCACTATAG-3P) and LCND1 (5P-ATAATGGATCCTCTGAACTTTCCAGTAAT-3P) were loaded on 1% agarose gel. Lanes: 1^5, PCR products from DNAs of ¢ve L. lactis IL1403 : :pG16 clones ; 6, PCR product from DNA of L. lactis IL1403 ; 7, PCR product from pG16 plasmid DNA; 8, PCR product realized without DNA. The size of PCR products is indicated in kb on the right.
(52% similarity), we hypothesized that the IL1403`LcnC' is a good candidate, which could partially complement the LctT defect in lacticin 481 export.
Inactivation of`lcnC' in the L. lactis IL1403 genome
Thermosensitive replicative plasmid pG+host5 [19] was used to inactivate`lcnC' by homologous recombination. An internal fragment of`lcnC' was obtained by PCR from the L. lactis IL1403 genome, using primers LCNC3 and LCNC2 (Table 1 ). The expected 0.9-kb PCR product was restricted by EcoRI^BclI and subcloned into the EcoRI^BamHI sites of pBluescript SK 3 . Then, the 0.7-kb ScaI^XbaI`lcnC' fragment from pEF726 was cloned between the HincII and XbaI sites of pG+host5 to create pG16 plasmid. The sequence of the cloned PCR product was con¢rmed by sequencing. Plasmid pG16 was introduced into L. lactis IL1403 and propagated at 30³C. Genomic integration was conducted as described by Biswas et al. [19] at non-permissive temperature. Integration frequencies obtained with pG+host5 without insert were estimated at 10 37 and increased to 10 33 with pG16 containing the`lcnC' fragment. These values agree with integration frequencies observed using genomic inserts of L. lactis with di¡erent sizes [19] . Genomic integration of pG16 in`lcnC' was controlled by PCR from genomic DNA isolated from several integrants. Two primers were used, one located in the pG16 plasmid (T7 primer), and one located in the`lcnC' £anking region, in`lcnD' (LCND1 primer; Fig. 1A) . A 2-kb PCR product was obtained from several independent integrants with these primers (Fig. 1B) . This band is speci¢c for genomic DNA of integrants since no band was detected either from pG16 DNA or from wild-type L. lactis IL1403 DNA (Fig. 1B) . These data show that the`lcnC' gene has been knocked out. One integrant, designated L. lactis IL1403: :pG16, was chosen for further study and was used to assess whether ABC transporter`LcnC' could replace LctT in lacticin 481 export.
Lacticin 481 production in L. lactis IL1403
LcnC' 3 strain
We examined whether L. lactis IL1403: :pG16 was still able to produce lacticin 481 when only lctA and lctM were expressed in this mutant. To introduce these genes in the strain, we constructed a shuttle vector compatible with pG+host5 which is present in the L. lactis IL1403: :pG16 genome. The erythromycin resistance gene of pEB754 (Table 1) was replaced by the tetracycline cassette of the pTV21vTetM plasmid isolated from Streptococcus mutans [7] . The resulting plasmid, pET109 (Table 1) , contains the pIL253 replication region, driving a high copy number of plasmids per cell [9] . A control plasmid, without lctA and lctM, was also constructed (pET175 Table 1 ). The stability of the integrated pG16 plasmid, pET175 and pET109 plasmids in L. lactis IL1403: :pG16 was assessed by genomic or plasmid DNA isolation followed by restriction analysis or by PCR (data not shown). The capacity of L. lactis IL1403: :pG16 to produce lacticin 481 was assessed by the solid agar di¡usion method using L. lactis IL1403 containing pET143 as the sensitive strain (Table 1) . In both L. lactis IL1403 and IL1403: :pG16 strains containing pET175, no inhibition halo was detected ( Fig. 2A,C) . When pET109, containing lctA and lctM, was introduced in L. lactis IL1403 and L. lactis IL1403: :pG16, a similar small inhibition halo was detected in both cases (Fig.  2B,D) , indicating that`LcnC' is not able to partially complement the LctT defect in lacticin 481 export.
Discussion
The present study demonstrates that the weak lacticin 481 production, observed in L. lactis IL1403 producing only the precursor peptide LctA and the modi¢cation protein LctM, is not due to the presence of the AMS protein, LcnC'. This could imply that lacticin 481 production is driven by some yet uncharacterized protease/transporter activity. Further investigation is required to de¢ne whether this residual production is due to a generic transporter with a low a¤nity for bacteriocin. Interestingly, a similar phenomenon has been previously described for other lantibiotics (i.e., subtilin, epidermin, and Pep5) for which producer strains are still able to export the lantibiotic even in the absence of their dedicated transporter [4] . However, we cannot rule out the possibility that the detected residual bacteriocin production could result from a partial lysis of L. lactis IL1403 [10] . Fig. 2 . Analysis of lacticin 481 production by L. lactis IL1403 harboring plasmid pET175 (A) or pET109 (B), and L. lactis IL1403 : :pG16 integrant harboring plasmid pET175 (C) or pET109 (D). Lacticin 481 production from recombinant strains was tested by the solid agar di¡usion method [6] , against the sensitive and non-producer bacteriocin strain, L. lactis IL1403 containing pET143.
Several studies of heterologous expression of bacteriocins produced by LAB have been reported [16^18] . From these analyses, it is thought that the processing/export machinery of class II bacteriocins, which share a doubleglycine type leader peptide, can be easily interchangeable. Our results suggest no cross-activity between an ABC transporter from class II bacteriocins and a lantibiotic ABC transporter. It would be important to further de¢ne substrate speci¢city of the AMS proteins in order to create heterologous expression systems for lantibiotics.
